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Scope of Claim 

A complementary MIS semiconductor device formed with a semiconductor 
film provided on an insulator, wherein a layer of a metal or a compound of a metal and a 
semiconductor is formed so as to include drain regions of MIS transistors having 
opposite conductivity types, and a gate is connected to an upper portion thereof, so that 
the drain regions of the MIS transistors having opposite conductivity types and the gate 
have ohmic connection. 

Detailed Description of the Invention 
(Field of Industrial Application) 

The present invention relates to a semiconductor device, in particular, a 
structure of a MIS semiconductor device, 
(Conventional Art and its Problems) 

It is said that a MIS semiconductor device formed in a semiconductor film 
provided on an insulator, that is, a MIS semiconductor device having a so-called SOI 
(Semiconductor On Insalator [sic]) structure is suitable for a high-speed large scale 
integrated circuit (LSI), since junction capacitance and wiring capacitance are small and 
element separation is perfect and easy, compared to conventional MIS semiconductor 
devices* For example, in a literature "SOS/CMOS device" by Nakano Motoo and 
Sasaki Nobuo, from Electronic Materials and Parts, January, 1982, pp. 54 - 104, a 
structure like a CMOS semiconductor device having an SOS (Silicon on Sapphire) 
structure as shown in FIG 3(a) is shown* The SOS structure is an example of the SOI 
structure, and a plan view of a CMOS inverter circuit element corresponding to this is 
shown in FIG 3(b). 
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Here, reference numeral 1 denotes a sapphire substrate; 2, an oxide film; 3, an 
N-type region; 4, a P-type region; 5, a PMype source-drain region; 6, an >T-type 
source-drain region; 7, P + -type polycrystalline silicon; 8, N*-typc polycrystalline silicon; 
and 9, an Al wiring. 

However, in recent years, a technique of separating minute elements has been 
developing also in the conventional MIS semiconductor devices formed on a 
semiconductor substrate, and integration at almost the same level as the MIS 
semiconductor devices having the SOI structure has become possible. In response to 
this, in the MIS semiconductor devices having the SOI structure, a structure for further 
improving integration degree has been proposed these days. FIGS. 4(a) and (b) are a 
schematic cross-sectional view and a corresponding plan view of a CMOS inverter 
circuit element having the improved SOS structure. Here, reference numerals 1 to 9 
are the same as 1 to 9 in FIG. 3. In this structure, drains of an NMOS transistor and a 
PMOS transistor are connected, an opening is formed in an upper portion thereof so as 
to include at least a junction boundary, and then, an Al wiring is formed. Therefore, 
there is a feature that ohraic connection is obtained with respect to both FTtype and 
P + type drain regions. With this structure, further integration can be obtained, 
compared to the inverter circuit element using the MIS semiconductor device having the 
conventional SOI structure. 

However, as a transistor is reduced in size in order to obtain a higher-speed LSI, 
integration degree is getting restricted also in the case of the semiconductor device 
having the improved SOI structure. In other words, when the area of a contact hole is 
reduced in accordance with the reduction of a transistor in size, resistance of the contact 
hole is increased, which prevents a speedup of an LSI. Therefore, the reduction of the 
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contact hole in area has to be restricted; thus, also in the case of the semiconductor 

device having the improved SOI structure, integration degree is restricted by the area of 

the contact hole; as a result, more integration is impossible. 

As described above, limitation of the conventional semiconductor device is 

clear when a high-speed and highly integrated LSI is formed, and there is a serious 

problem in the future. 

(Object of the Invention) 

It is an object of the present invention to provide a structure of a MIS 
semiconductor device having an SOI structure in which the above problem is solved. 
(Constitution of the Invention) 

According to the present invention, a complementary MIS semiconductor 
device formed in a semiconductor film provided on an insulator is obtained, which has a 
feature that a layer of a metal or a compound of a metal and a semiconductor is formed 
so as to include drain regions of MIS transistors having opposite conductivity types, and 
a gate electrode is connected to an upper portion thereof, so that the drain regions of the 
MIS transistors having opposite conductivity types and the gate electrode have ohmic 
connection. 
(Embodiment) 

First, an embodiment of a MIS semiconductor device having an SOI structure 
according to the present invention will be described. 

FIGS. 1(a) and (b) are respectively a schematic cross-sectional view and a plan 
view of an inverter circuit element formed using the present structure as one 
embodiment of the MIS semiconductor device according to the present invention. In 
the drawings, reference numerals 3 to 6 are the same as 3 to 6 in FIG 3, and reference 
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numeral 10 denotes an insulating substrate; 11, an insulating film; 12, a P + -type 
semiconductor film; 13, an N + -type semiconductor film; 14, a film of a metal or a 
compound of a metal and a semiconductor; and 15 > a wiring. According to the present 
structure, source and drain diffusion layers of the MIS transistors having opposite 
conductivity types, which correspond to the output of the inverter circuit element, have 
ohmic connection to the P + -type and NT-type semiconductor films that are to berates of 
the inverter circuit element in the next layer through the film of a metal or a compound 
of a metal and a semiconductor. Therefore, the structure of the present invention is 
suitable for a high-speed and highly integrated LSI, because integration degree is 
improved compared to the inverter circuit element of the conventional structure since it 
is not necessary to open a contact hole in the gate; the number of the contact holes is 
reduced, and thus, resistance can be reduced by resistance of the contact; and excellent 
characteristics such as the increase in degree of freedom of wirings are obtained since a 
wiring layer using the gate and a wiring layer connected to the source and drain layers 
are formed in different layers. 

Next, a manufacturing process for achieving the structure of the present 
invention will be described based on an embodiment. 

FIGS. 2(a) to (d) are schematic cross-sectional views showing main 
manufacturing steps of the CMOS inverter circuit element including N* and P + 
polycrystalline silicon gates having the SOS structure of the present structure. In the 
drawings, reference numerals 1, 3 to 9 are the same as 1, 3 to 9 in FIG 1, and reference 
numeral 16 denotes a gate oxide film; 17, a titanium silicide film; and 18, an interiayer 
oxide film. First, a silicon island having a thickness of 0.5 \im is formed on a sapphire 
substrate 1. Then, thermal oxidation is performed to form the gate oxide film 16 to 
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have a thickness of 400 A, and further, an N-type region 3 and a P-type region 4 are 
formed by injecting ions of impurities (FIG 2(a)). 

Next, the gate oxide film 4 [sicj at a boundary portion of the N-type region 3 
and the P-type region 4 of the silicon island is pattered and an opening is provided so 
that the base silicon film is exposed. Then, the upper portion of the exposed silicon 
film is made into titanium silicide (FIG 2(b)). Here, titanium silicide is formed in the 
following steps. First, a titanium film is formed to have a thickness of 400 A by a 
sputtering method on the entire surface of a sample where the opening is formed in the 
gate oxide film 4 [sic], and then, annealing is performed at 600 °C for 20 minutes in a 
hydrogen atmosphere. At this time, only a portion in the opening where silicon is 
exposed becomes titanium silicide. Next, this sample is washed by boiling using a 
mixed solution of HC1;H20 2 :H20 - 1:1:4 for 10 minutes, and washing with pure water 
is performed fox 10 minutes. After that, annealing is performed at 800 °C for 30 
minutes in a nitrogen atmosphere. Here, washing with acid is performed, so that the 
titanium film is peeled, and the titanium silicide is left only in the opening as shown in 
FIG 2(b). 

Next, polycrystalline silicon is formed to be 0,5 ^m by a CVD method on the 
sample in a state of (b), and a gate and a wiring region are patterned. After that, by 
injecting ions of impurities, a P*-type source-drain region 5, an N*-type source-drain 
region 6, P + -type polycrystalline silicon 7, and N*-type polycrystalline 8 are formed in a 
self-alignment manner (FIG 2(c)). Here, it is necessary to make the size of the above 
NT-type and P*-type polycrystalline silicon in the upper portion of the opening smaller 
than the size of the opening. Accordingly, titanium silicide 14 [sic] in the opening and 
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the P^type source-drain region 5 and the IST-type source-drain region 6 can be 
connected. As a result, ohmic connection between the P + -type and N*-type 
source-drain regions 5 and 6 and the N + -type and P + ^type polycrystallme silicon 7 and 8 
can be obtained through the titanium silicide 14 [sic]. 

Then, after an interlayer insulating film is formed to be 0.5 \im by a CVD 
method on the sample in a state of (c) and a contact hole is patterned, an Al wiring 9 is 
formed (FIG 2(d)), The above steps are one embodiment of the manufacturing 
process for achieving the structure of the present invention, Note that in this 
embodiment, the film of titanium silicide is used as a method for obtaining ohmic 
connection between semiconductors having opposite conductivity types, but other metal 
silicide or metals can also be used. 

Although the manufacturing process is described using the CMOS inverter 
circuit element having the SOS structure as an example as described above, it is clear 
that the process can also be applied to general MIS structure inverter circuit elements. 
In addition, the structure of the present invention can also be applied to a 
complementary MIS semiconductor device including a semiconductor gate or a metal 
gate having one conductivity type, further, to other circuit elements, without limitation 
to the inverter circuit elements, 
(Effect of the Invention) 

According to the present invention, a semiconductor device with excellent 
characteristics can be obtained, in which integration degree is high and resistance can be 
reduced because of the small number of contact holes, and degree of freedom of wirings 
is increased, compared to the structure of the conventional MIS semiconductor device, 
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Brief Description of the Drawings 

FIGS. 1(a) and (b) are respectively a schematic cross-sectional view and a plan 
view of the inverter circuit element formed using the present structure as one basic 
embodiment of the semiconductor device according to the present invention. 

FIGS. 2(a) to (d) are schematic cross-sectional views showing the embodiment 
of the manufacturing process for achieving the semiconductor device according to the 
present invention. 

FIGS. 3(a) and (b) are respectively a schematic cross-sectional view and a plan 
view of the MIS semiconductor device having the conventional SOI structure. 

FIGS. 4(a) and (b) are respectively a schematic cross-sectional view and a plan 
view of the MIS semiconductor device having the improved conventional SOI structure. 

1: sapphire substrate, 2: oxide film, 3; N-type region, 4: P-type region, 5: P + -type 
source-drain region, 6: N^-type source drain region, 7: P + -type polycrystalline silicon, 8: 
N-type polycrystalline silicon, 9: Al wiring, 10: insulating substrate, 11: insulating film, 
12: P + -type semiconductor film, 13: N*-type semiconductor film, 14: film of metal or 
compound of metal and semiconductor, 15: wiring, 16: gate oxide film, 17: titanium 
silicide film, 18: interlay er oxide film 

Agent: Patent Attorney, UCHIHARA Susumu 



8/8 



PAGE 12/16 * RCVD AT 9/4/2007 6:40:58 PM [Eastern Daylight Time] * SVR:USPTO£FXRF-6/18 * DNIS:2738300 * CSID:866 741 0075 * DURATION (mm-ss):02-26 



SEP. 4. 2007 7 : 07 F 



866 741 0075" 



10.0936" — P. 13/1 



©Int. a.* 

K 01 L 27/Off 
27/12 
25/7B 



10 2 



©^BB^S^^ffi (a) HS61 -201460 

665S-5F 
75 14— 5 F 

8422- 5F iRWSt »33«>tt 1 C£*» 



©as 



D-42196 



A UJ — ft 

flic * 



3KR8Rffi[S5TS33»l^ 



93 JB # 



od In.. I. lor ) WACOM I 0til****{fct£« 

Amu i afli^i»^ii«(Cifc«b-c**#iaop 

19B2^lJ)^>64^-^^& 10 4 
»***5£J*;. ffi**ff*CC J*3C* * *0«/CMOB 
r^-f r (C»-^-Ctt, If 3H[i)K«Lt aoe 

( BIHcop on Bapthl rv) fft&tt C 1 M O 0 & 
^W^««^o j: & 4WAfl«^5iTT^Aa BOB 

«Atts o i**<»— tttfCWJC**' 

CMOS j» |HJJ»*^« 3 F-»ia fc* 3 H(b)tC 



—287- 



PAGE 1 3/1 6 * RCVD AT 9/412007 6:40:58 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/18 * DNIS:2738300 * CSID:866 741 0075 * DURATION (mm-ss):02-26 



SEP. 4. 2007 7 : 08PM 866 741 0075' 



'NO. 0936 — P. 14, 



35* L. BO I^AMI G9^«« 

^ t 3 & k m m k * a ^ 3 a m at a* ft % a n x 

t*¥«Bt fe£ „ fiai s Hen i — 

*c**<t:r * c ± **rtt it a „ 



« Wa IC ftQ Kft 5 *l T •* nJK J: CO ft* ifc f*?F IV Ifi £ 



ft a* a* as*, a t t*c *^-r*«eiffisw^**ma 

j*e*Ufricl:*ni4 coma leant 

# i& fk * <tt X * n * it U -c ft « 4 ^ ->* - * s 



> P » « Jft **X» * w L it *SJC^ W B B 



—268- 



PAGE 14/16 * RCVD AT 9/4/2007 6:40:58 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/18 * DNIS:2738300 * CSID:866 741 0075 * DURATION (mm«ss):02-26 



SEP. 4.-2007 '7:08PM 866 741 0075' 



NO. 0936 — P. 15/16 



J: ?T * S?«tt3, P#tt***BHK:f** CUT 
»m Ljt^ ya yitf)i«5tf^y gu-f Kit 

•^4 A C tf 2 03(b) ) t£Tf^y'/9t'l Ktt?fc 

□ Hum'/* * ^#tfJ Ljt&&<r>*tfiV'? yr*) 

«2»C*»l 0 L*ttfll*«H44* 3 0 012 

te^feo* r flfl^*^al») 
g ^Jt3W*r ft C**4»tt* 4> 

-t ^^-^ 016 K-^^a^ft iff ajsi i^aiE. 



61-201460 (3) 
N^5^«ftA V = * 8 C * 2«M ) p 

<f K 1 4 t P*fc* y - A * a* 5 y - 

ft** P^.BtOlrttf > Kf-f Xfl* 5 . 6 

c v i>i£tc ^ D^jSt U >- ^ ^ ►ftt^if-y^ 
JSLfctf* A 95 & mm ft * * * 0>»i4X<HO 

IV 4 09(1), (b)H^tt^nSt Affl<rii£*j> a o i 

RCA A^:V; W 



PAGE 1 5/1 6 * RCVD AT 9/4/2007 6:40:58 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-6/1 8 * DNIS:2738300 * CSID:8B6 741 0075 * DURATION (mm-ss):02-26 



SEP. 4. 2007 7 : 08 F 



866 741 0075 




Iff 3 





2— it At m. 



s Han a > 



"NO. 0936 — P. 16/1 



^4 







m 



z — «k ic m 

^ — P«*t« 



f — AjL»em 



-290- 



PAGE 16/16 * RCVD AT 91412007 6:40:58 PM [Eastern Daylight Time] * SVR:USPT0€FXRF-6/1 8 * DNIS:2738300 * CSID:866 741 0075 * DURATION (min-ss):02-26 



